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(54) Optical communication system

(57) The present invention relates to an optical com-
munications system that allows improving OSNR while
suppressing the power increase of pumping light for dis-
tributed Raman amplification. In the optical communica-
tions system, an optical fiber is laid in a transmission
section between a transmitter station (or repeater station)
and a receiver station (or repeater station), and optical
signals are transmitted from the transmitter station to the

Fig.1

20

receiver station via the optical fiber. In the optical com-
munications system, pumping light for Raman amplifica-
tion, outputted by a pumping light source provided in the
receiver station, is fed into the optical fiber via an optical
coupler, and the optical signals are distributed-Raman-
amplified in the optical fiber. The transmission loss and
the effective area of the optical fiber satisfy, at the wave-
length of 1550 nm, a predetermined relationship.

|—

10 30
J
10a ;' ''''''''' J_l
AR
; 2 31 :
Lo |

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 2 284 584 A2
Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The presentinvention relates to an optical communications system in which optical signals are transmitted via
an optical fiber laid in a transmission section.

Related Background of the Invention

[0002] In order to reduce the number of repeater stations by elongating each transmission section and to transmit
large volumes of information, optical SN ratio (OSNR) is preferably large, in optical communications systems in which
optical signals are transmitted via an optical fiber laid in a transmission section. In order to increase OSNR, transmission
loss in the optical fiber are preferably small, and the effective area of the optical fiber is preferably large.

[0003] JianjunYu,etal.,ECOC 2008, Th3.E2 (Document 1) disclose results of a transmission experiment that achieved
a total transmission capacity of 17 Tbps with 114 Gbps X 161 wavelengths by 8PSK modulation, using an optical fiber
SMF-28ULL (by Corning) 662 km long and having an average loss of 0.169 dB/km at a wavelength of 1550 nm.
[0004] The Coming optical fiber SMF-28ULL catalogue (ver. August 2008) (Document 2) indicates that the central
value of the mode field diameter of the Corning optical fiber SMF-28ULL is 10.7 um at the wavelength of 1550 nm. The
effective area of the optical fiber SMF-28LTLL is 90 um?2, assuming a Gaussian field distribution.

[0005] G Charlet, et al., ECOC 2008, Th3.E3 (Document 3) disclose results of a transmission experiment in which
there was realized a total transmission capacity of 3.2 Tbps with 40 Gbps X 81 wavelengths by BPSK modulation, over
a transmission distance of 11520 km, with 18 recirculations in a fiber loop 640 km long, using an optical fiber having a
loss of 0.184 dB/km and an effective area of 120 pm?2.

[0006] K. Nagayama, et al., Electronics Letters, 26th Sep. 2002, Vol. 38, No. 20 (Document 4) disclose an optical fiber
having, at the wavelength of 1550 nm, a transmission loss of 0.15 dB/km and an effective area of 118 um?2.

[0007] U.S. Patent Application aid-Open No. 2008/0279515 (Document 5) discloses an optical fiber having, at the
wavelength of 1550 nm, a transmission loss of 0.16 dB/km and an effective area of 208 um2.

[0008] In optical communications systems, optical signals are amplified by way of optical amplifiers, in order to com-
pensate the optical signal loss incurred during the optical signals propagate through the optical fiber that is laid in
transmission sections. From the viewpoint of the noise figure (NF) of the optical amplifier, the optical signals in an optical
fiber laid in a transmission section are preferably distributed-Raman-amplified.

SUMMARY OF THE INVENTION

[0009] The present inventors have examined conventional optical communications systems, and as a result, have
discovered the following problems. That is, in conventional optical communications systems, specifically, increasing the
effective area of an optical fiber used in a transmission medium allows ordinarily increasing the input power into the
optical fiber. While doing so contributes to improving OSNR, it also entails the power increasing of the pumping light for
distributed Raman amplification, which is problematic.

[0010] The present invention has been developed to eliminate the problems described above. It is an object of the
present invention to provide an optical communications system that allows improving OSNR while suppressing the power
increase of pumping light for distributed-Raman amplification.

[0011] The optical communications system according to the present invention comprises a transmitter station, one or
more repeater stations, a receiver station, and an optical fiber laid in transmission sections positioned between the
transmitter station (or repeater station) and the receiver station (or repeater station). In particular, the optical fiber laid
in any transmission section at least between the transmitter station and the receiver station, between the transmitter
station and a repeater station, between repeater stations, or between a repeater station and the receiver station, transmits
optical signals, and the optical signals are distributed-Raman-amplified. In particular, a transmission loss o (dB/km) and
an effective area A g(m2) of the optical fiber satisfy, at a wavelength of 1550 nm, the following relationship equations
(1a) to (1c):

0 ~-0.001 - Aeg+0.27 ...(12)
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0.13<0 <0.15 ...(1b)

Aer> 120 ...(1¢)

[0012] In the optical communications system according to the present invention, the optical fiber preferably include,
as a first configuration, a central core extending along a predetermined axis, and a cladding surrounding the central core
and having a refractive index lower than that of the central core. In the first configuration, the central core of the optical
fiber is preferably comprised of pure silica glass, or silica glass obtained by doping pure silica glass with at least one of
P,05 of 1 mol% or more but 10 mol% or less, Cl of less than 2000 mol ppm, F of 2000 mol ppm or more but 10000 mol
ppm or less, and A,O (where A is an alkali metal element) of 1 mol ppm or more but 10000 mol ppm or less. The pure
silica glass contains Cl of 2000 mol ppm or more but 20000 mol ppm or less that is incorporated in the dehydration
process during a fiber fabrication. Suitable alkali metal elements in the A,O are Na, K, Rb and Cs.

[0013] In the optical communications system according to the present invention, the optical fiber may include, as a
second configuration, a central core having the above-described structure, afirst cladding surrounding the outer periphery
of the central core, a second cladding surrounding an outer periphery of the first cladding, and a third cladding surrounding
an outer periphery of the second cladding. Regarding refractive indices of the central core and the first to third cladding,
it is preferable that the refractive index of the central core is highest and the refractive index of the second cladding is
lowest. The second cladding of the optical fiber is preferably comprised of silica glass doped with F element whose
amount is more than a doping amount of F element in each of the first cladding and the third cladding (when there is no
doping of F element, the doping amount of F element includes 0), or silica glass in which a plurality of voids extending
in a fiber axial direction (optical axis direction).

[0014] The optical communications system of the present invention has preferably a structure in which optical signals
are transmitted in accordance with a multilevel modulation scheme of four or more levels (for instance, QPSK or 16-QAM).

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Fig. 1 is a view showing the configuration of an embodiment of an optical communications system according
to the present invention;

[0016] Fig. 2 is a graph showing a relationship at a wavelength of 1550 nm between transmission loss, effective area
and OSNR of optical fibers;

[0017] Fig. 3 is a graph showing a relationship at the wavelength of 1550 nm between transmission loss, effective
area and power of pumping light for Raman amplification of optical fibers;

[0018] Fig. 4A shows a cross-sectional structure of an optical fiber according to a first example that can be applied to
the optical communications system according to the present embodiment, and Fig. 4B shoes a refractive index profile
thereof;

[0019] Fig. 5A shows a cross-sectional structure of an optical fiber (second configuration) according to a second
example that can be applied to an optical communications system according to the present embodiment, and Fig. 5B
shows a refractive index profile thereof; and

[0020] Fig.6is across-sectional view showing a third configuration of an optical fiber according to the second example.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0021] In the following, embodiments of an optical communications system according to the present invention will be
explained in detail with reference to Figs. 1 to 3, 4A to 5B and 6. In the description of the drawings, identical or corre-
sponding components are designated by the same reference numerals, and overlapping description is omitted.

[0022] Fig. 1 is a view showing the configuration of an optical communications system 1 according to the present
embodiment. The optical communications system 1 according to the present embodiment comprises a transmitter station,
one or more repeater stations, a receiver station, and an optical fiber 10 serving as a transmission medium, namely an
optical fiber laid in the transmission section that is positioned between the transmitter station (or repeater station) and
the receiver station (or repeater station). Particularly, as shown in Fig. 1, one end 10a of the optical fiber 10 is optically
connected to the transmitter station (or repeater station) 20, while the other end 10b is optically connected to the receiver
station (or repeater station) 30. Thereby, the optical fiber 10 is laid in the transmission section between the transmitter
station (or repeater station) 20 and the receiver station (or repeater station) 30. The optical signals are transmitted from
the transmitter station (or repeater stations) 20 to the receiver station (or repeater stations) 30 via the optical fiber 10.
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In the optical communications system 1, pumping light for Raman amplification, outputted by a pumping light source 31
provided in the receiver station (or repeater station) 30, is supplied to the optical fiber 10 via an optical coupler 32. In
such a configuration, the optical signals are distributed-Raman-amplified in the optical fiber 10. The optical communi-
cations system 1 includes a structure wherein optical signals are transmitted in accordance with a multilevel modulation
scheme of four or more levels. For example, in the present embodiment, the transmitter station 20 transmits optical
signals to the optical fiber 10 with a multilevel modulation scheme such as QPSK and 16-QAM.

[0023] In such an optical communications system 1, an optical fiber having various characteristics is ordinarily used
as the optical fiber 10 that is laid in the transmission section. Besides the optical fibers disclosed in Documents 1 to 5,
a dispersion-shifted optical fiber which has, at the wavelength of 1550 nm, a transmission loss of 0.20 dB/km and an
effective area of 50 pm2, a single mode optical fiber which has, at the wavelength of 1550 nm, a transmission loss of
0.19 dB/km and an effective area of 80 wm?2, or a pure silica central core optical fiber which has, at the wavelength of
1550 nm, a transmission loss of 0.16 dB/km and an effective area of 110 pm2, may be used as the optical fiber 10. In
the explanation below, the above-described dispersion-shifted optical fiber will be used in Comparative example A, the
above-described single mode optical fiber in Comparative example B, and the above-described pure silica central core
optical fiber in Comparative example C.

[0024] Fig. 2 is a graph showing the relationship at the wavelength of 1550 nm between transmission loss, effective
area and OSNR of optical fibers. The graph shows contour lines of the distribution of the OSNR improvement amount
on a plane defined by setting, at the wavelength of 1550 nm, the transmission loss (dB/km) to the ordinate and the
effective area A g (wm2) to the abscissa. The OSNR improvement amount denotes the improvement amount of OSNR,
based on the transmission loss reduction and the phase shift reduction of self-phase modulation in a transmission section
80 km long, while taking as a reference the OSNR of the optical fiber according to Comparative example A.

[0025] Fig. 3 is a graph showing the relationship at the wavelength of 1550 nm between transmission loss, effective
area and power of pumping light for Raman amplification of optical fibers. The graph shows, by using contour lines, the
power distribution of the pumping light for Raman amplification on a plane defined by setting, at the wavelength of 1550
nm, the transmission loss (dB/km) to the ordinate and the effective area A (wm?) to the abscissa. The power of the
pumping light for Raman amplification denotes the power of the pumping light at a wavelength of 1450 nm as required
for obtaining a Raman amplification gain that just balances out the transmission loss at the wavelength of 1550 nm, in
a transmission section 80 km long.

[0026] In Figs. 2 and 3, the positions of the optical fibers according to Comparative examples A to C are shown, and
the range of the optical fiber 10 that is used in the optical communications system 1 according to the present embodiment
is also indicated. The transmission loss o (dB/km) and the effective area A (.m?2) of the optical fiber 10 according to
the present embodiment satisfy, at the wavelength of 1550 nm, the following relationships (2a) to (2c):

o~ -0.001 - Agg+ 0.27 ...(22)

0.13<a <0.15...(2b)

Aer> 120 ...(2¢)

[0027] In the optical communications system 1 wherein such an optical fiber 10 is laid in transmission sections, the
OSNR can be improved (see Fig. 2) while suppressing the power increase of the pumping light for distributed Raman
amplification (see Fig. 3), as compared with cases in which the optical fibers of Comparative example A to C are used.
Examples of such an optical fiber 10 are explained next.

[0028] Figs. 4A and 4B show the cross-sectional structure of an optical fiber according to a first example that can be
used in the optical communications system according to the present embodiment, and the refractive index profile thereof.
As shown in Fig. 4A, the optical fiber 10A of the first example comprises a central core 11A which has a refractive index
n, and extends along a predetermined axis (optical axis AX), and a cladding 100A which has a refractive index n, (<
n4) and surrounds the outer periphery of the central core 11A. Fig. 4B is a refractive index profile 150A of the optical
fiber 10A, along the line L1 (line orthogonal to the optical axis AX) in Fig. 4A. In the refractive index profile 150A, a region
151A denotes a refractive index of the central core 11A along the line L1, and a region 152A denotes the refractive index
of cladding 110A along the line L1.

[0029] The structural parameters of the optical fiber of the first example are selected so as to achieve optical charac-
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teristics that satisfy the above relationship equations (2a) to (2c). As described above, the optical fiber 10A of the first
example comprises, for instance, the central core 11A, and the cladding 100A which surrounds the outer periphery of
the central core 11 A and which has a refractive index n, lower than the refractive index n, of the central core 11A, and
has, at the wavelength of 1550 nm, a transmission loss of 0.15 dB/km and an effective area of 120 um?2. As an example
of structural parameter, the relative refractive index difference of the central core 11A with respect to the cladding 100A
is 0.26%, and the diameter of the central core 11A is 10.8 wm. The fictive temperature of the central core 11A is 1300°C.
The fictive temperature can be realized by controlling the cooling rate during drawing and promoting the relaxation of
the glass structure of the central core 11A.

[0030] As shown in Fig. 2, the OSNR improvement amounts of the optical fiber disclosed in Document 1 (average
loss: 0.169 dB/km, effective area: 90 um? based on the disclosure of Document 2) and of the optical fiber disclosed in
Document 3 (loss: 0.184 dB/km, effective area: 120 um2) are just under 5 dB. The OSNR improvement amount in the
optical fiber of the first example, by contrast, is of about 7 dB, i.e. an OSNR improvement amount of 2 dB or more can
be realized. The OSNR at the wavelength of 1550 nm in a receiver terminal in multi-stage optical amplification/repeating
systems is expressed by equation (3) below. As can be seen from the equation (3), the OSNR improvement of 2 dB
allows elongating the transmission distance about 1.6-fold. In the equation, P, denotes the optical power per wavelength
channel to be inputted into the optical fiber, NF denotes the noise figure of the optical amplifier, LSp denotes the loss of
the transmission section, and N, denotes the number of optical amplifiers (= the number of relay sections - 1).

OSNR =58 + Py, - NF -Lg, - 10 - logNanp -.(3)

[0031] System performance in optical communications systems based on optical amplification/repeating can be im-
proved by using distributed Raman amplification. As can be seen from Fig. 3, the power of the pumping light for Raman
amplification of the optical fiber (loss: 0.184 dB/km, effective area: 120 um?2) disclosed in Document 3 must be about
1.5 times that of a standard single mode optical fiber (optical fiber of Comparative example B). In contrast thereto, the
power of the pumping light for Raman amplification of the optical fiber 10A of the first example can be about the same
as that of the optical fiber of Comparative example B.

[0032] A first configuration of an optical fiber of a second example comprises a central core having a cross-sectional
structure and a refractive index profile identical to those of the optical fiber 10A of the above-described first example
(see Figs. 4A and 4B), and a cladding surrounding the central core and having a lower refractive index than that of the
central core. The optical fiber of the second example has, at the wavelength of 1550 nm, a transmission loss of 0.13
dB/km and an effective area of 140 um2. The central core (first configuration) of the optical fiber of the second example
is preferably comprised of pure silica glass, or silica glass obtained by doping pure silica glass with at least one of P,O5
of 1 mol% or more but 10 mol% or less, Cl of less than 2000 mol ppm, F of 2000 mol ppm or more but 10000 mol ppm
or less, and A,O (where A is an alkali metal element) of 1 mol ppm or more but 10000 mol ppm or less. The pure silica
glass contains Cl of 2000 mol ppm or more but 20000 mol ppm or less that is incorporated in the dehydration process
during a fiber fabrication. Suitable alkali metal elements in the A,O are Na, K, Rb and Cs.

[0033] A second configuration of the optical fiber of the second example has, for instance, a cross-sectional structure
and a refractive index profile such as those shown in Figs. 5A and 5B. Particularly, an optical fiber 10B (second config-
uration) of the second example has a central core 11B extending along a predetermined axis (optical axis AX) and having
a refractive index n4, and a cladding 100B which surrounds the outer periphery of the central core 11B, as shown in Fig.
5A. The cladding 100B comprises a first cladding 12B which surrounds the outer periphery of the central core 11B and
has a refractive index n, (< n4), a second cladding 13B which surrounds the outer periphery of the first cladding 12B
and has a refractive index n; (< n,), and a third cladding 14B which surrounds the outer periphery of the second cladding
13B and has a refractive index n, (> ns). Fig. 5B is a refractive index profile 150B of the optical fiber 10B, along line the
L2 (line orthogonal to the optical axis AX) in Fig. 5A. In the refractive index profile 150B, a region 151B denotes the
refractive index of the central core 11B along the line L2, region 152B denotes the refractive index of the first cladding
12B along the line L2, region 153B denotes the refractive index of the second cladding 13B along line the L2, and region
154B denotes the refractive index of the third cladding 14B along the line L2.

[0034] Asshownin Figs. 5A and 5B, the refractive index n, of the central core 11B is highest, and the refractive index
n, of the second cladding 13B is lowest, from among the refractive indices of the regions in the optical fiber 10B. The
first to third claddings 12B to 14B are doped with F element. The second cladding 13B is comprised of silica glass doped
with F element whose amount is more than the doping amount of F element in each of the first cladding 12B and the
third cladding 14B. Alternatively, the second cladding 13B is suitably comprised of silica glass having formed therein a
plurality of voids extending in the fiber axial direction (optical axis AX) (see optical fiber 10C of a third configuration,
shown in Fig. 6). The refractive indices of the first cladding 12B and the third cladding 14B are identical. With respect
to the refractive index (= n,) of the foregoing, the relative refractive index difference of the central core 11B is 0.22%,
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and the relative refractive index difference of the second cladding 13B is -0.75%. The diameter of the central core 11B
is 11.9 wm. The diameter of the first cladding 12B is 20.8 um. The diameter of the second cladding 13B is 39.0 um. The
diameter of the third cladding 14B is 125 pm.

[0035] Fig. 6 is a cross-sectional view showing the third configuration of the optical fiber of the second example. The
third configuration differs from the above-described second configuration in that now the second cladding is comprised
of silica glass having formed therein a plurality of voids extending in the fiber axial direction (optical axis AX). In particular,
the optical fiber 10C of the third configuration comprises a central core 11C extending along a predetermined axis (optical
axis AX) and having a refractive index n4, and a cladding 100C which surrounds the outer periphery of the central core
11C. Furthermore, the cladding 100C comprises a first cladding 12C which surrounds the outer periphery of the central
core 11C and has a refractive index n, (< ny), a second cladding 13C which surrounds the outer periphery of the first
cladding 12C and has a refractive index ns (< n,), and a third cladding 14C which surrounds the outer periphery of the
second cladding 13C and has a refractive index n, (> ns). In particular, the lowest refractive index (n5) is realized in the
second cladding 13C, from among the regions that make up the optical fiber 10C, thanks to the plurality of voids 120
formed along the optical axis AX (the optical fiber 10C has the same refractive index profile as the refractive index profile
150B shown in Fig. 5B).

[0036] A transmission loss of 0.13 dB/km can be realized in the optical fiber of the second example (first to third
configurations) through lowering of the viscosity of the silica glass and by setting of the fictive temperature of the central
core, in the fiber state, to about 1000 degrees. A fictive temperature of 1000 degrees in the central core can be realized
by forming the central core from pure silica glass, or silica glass obtained by doping pure silica glass with at least one
of P,Og of 1 mol% or more but 10 mol% or less, Cl of less than 2000 mol ppm, F of 2000 mol ppm or more but 10000
mol ppm or less, and A,O (where A is an alkali metal element) of 1 mol ppm or more but 10000 mol ppm or less. Pure
silica glass contains Cl of 2000 mol ppm to 20000 mol ppm that is incorporated in the dehydration process during a fiber
fabrication. Suitable alkali metal elements in the A,O are Na, K, Rb and Cs. A fictive temperature of 1000 degrees in
the central core can be realized by manufacturing an optical fiber having a central core of pure silica glass, P,O5-doped
silica glass or the above-described alkali-metal-doped silica glass, while controlling the cooling rate during drawing.
[0037] Increased macrobending loss and microbending loss become a concern when the effective area is expanded
to 140 um2. However, macrobending can be kept down at a level similar to that of standard single mode optical fibers
by, for instance, providing the low-refractive index second claddings 13B, 13C, such as those shown in Figs. 5A and 6.
Microbending can be kept down at a level similar to that of standard single mode optical fibers by, for instance, improving
fiber sheathing.

[0038] As can be seen from Fig. 2, the OSNR improvement amount of the optical fiber of the second example (first
to third configurations) is about 9 dB, which constitutes an improvement of 4 dB or more over the optical fibers disclosed
in Documents 1 and 3. As shown in Fig. 2 of Mizuochi, 2008 IEICE Society Conference, BCI-1-12 (Document 6), an
OSNR improvement of 4 dB enables a transition from QPSK to 16-QAM while keeping the error rate constant. Therefore,
the optical communications system 1 according to the present embodiment, in which an optical fiber of the second
example is laid in a transmission section, allows realizing a transmission capacity that is double that of the optical
communications systems disclosed in Documents 1 and 3. Moreover, as can be seen from Fig. 3, the power of the
pumping light for Raman amplification can be kept equivalent to or lower than that of a standard single mode optical fiber.
[0039] The optical communications system according to the present invention allows improving OSNR while curbing
increases in the power of the pumping light for distributed Raman amplification.

Claims
1. An optical communications system in which an optical signal is transmitted via an optical fiber that is laid in a
predetermined transmission section, and the optical signal is distributed-Raman-amplified in the optical fiber,

wherein a transmission loss o, (dB/km) and an effective area A (nm?) of the optical fiber satisfy, at the wavelength
of 1550 nm, the following relationships:

a ~-0.001 - Aegg+ 0.27

0.13<a<0.15
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Aeg>120

An optical communications system according to claim 1, wherein the optical fiber comprises a central core extending
along a predetermined axis, and a cladding surrounding an outer periphery of the central core and having a refractive
index lower than that of the central core, and

wherein the central core of the optical fiber comprises pure silica glass, or silica glass obtained by doping pure silica
glass with at least one of P,0Oj5, of 1 mol% or more but 10 mol% or less, Cl of less than 2000 mol ppm, F of 2000
mol ppm or more but 10000 mol ppm or less, and A,O (where A is an alkali metal element) of 1 mol ppm or more
but 10000 mol ppm or less.

An optical communications system according to claim 2, wherein the cladding of the optical fiber comprises a first
cladding surrounding the outer periphery of the central core, a second cladding surrounding an outer periphery of
the first cladding, and a third cladding surrounding an outer periphery of the second cladding, and

wherein a refractive index of the central core is highest, and a refractive index of the second cladding is lowest, from
among the central core, the first cladding, the second cladding and the third cladding.

An optical communications system according to claim 1, wherein the optical fiber comprises a central core extending
along a predetermined axis, a first cladding surrounding an outer periphery of the central core, a second cladding
surrounding an outer periphery of the first cladding, and a third cladding surrounding an outer periphery of the second
cladding, and

wherein a refractive index of the central core is highest, and a refractive index of the second cladding is lowest, from
among the central core, the first cladding, the second cladding and the third cladding.

An optical communications system according to claim 3 or 4, wherein the second cladding of the optical fiber
comprises silica glass doped with F element whose amount is more than a doping amount of F element in each of
the first cladding and the third cladding, or silica glass having formed therein a plurality of voids extending in a fiber
axial direction.

An optical communications system according to any one of claims 1 to 5, wherein the optical communications system
has a structure in which optical signals are outputted by multilevel modulation of four or more levels.



Fig.1

20

10a

EP 2 284 584 A2

10




EP 2 284 584 A2

Fig.2

—_

02N AT 77 T T T T T T T =

@ 0.20 Qi gt o T
B B e B e S I
L o R B it S e
015 : f ; : ; : } E ' ' ' .

0.14 |
0.13
0.12

/km

AT A edB T <08
50 70 90 110 130 150 170 190 210
Aeff (£ M2)

TRANSMISSION LOSS (d




Fig.3

—~

/km

o

TRANSMISSION LOSS (d

0.21
0.20
0.19
0.18
0.17
0.16
0.15
0.14
0.13
0.12

EP 2 284 584 A2

¢

e N _EMBODIMENT i
oo b P0OW S
50 70 90 110 130 150 170 190 210
Aeft (1t M?)

10



Fig.4A

EP 2 284 584 A2

J
Q
A
vy

REFRACTIVE INDEX

n1i

n2

150A

152A

P S—
151A  152A

11



EP 2 284 584 A2

Fig.5A
Fig.5B
A
fu< n1i _$_
O L
Z | |
L
= 150B
}_
O n2}-
b
e
m
o n3
154B /598 154B
153B 152B
1518 153B

12



EP 2 284 584 A2

120

13



EP 2 284 584 A2
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 20080279515 A [0007]

Non-patent literature cited in the description

*« JIANJUN YU et al. ECOC, 2008 [0003] * K. NAGAYAMA et al. Electronics Letters, 26 Sep-
* G CHARLET et al. ECOC, 2008 [0005] tember 2002, vol. 38 (20 [0006]

14



	bibliography
	description
	claims
	drawings

